Abstract:
INTRODUCTION
Alternation of behavior with changing environment has been well proved in previous studies [1] . Different aspects of behavior will be changed by changing the environment with different mechanisms. Changing environment will affect behavior in all ages and will continue its effects to adulthood. For example, in one experiment, adolescent social isolation changes cognition in adulthood [2] . Also, social isolation can have immediate and long-term effects [3] . The environment in animal studies is mainly divided into social and isolated environment . The social environment has a positive impact on behavior and the isolated environment has a negative impact on behavior.
Previous studies have been well defined that social isolation increases the risk of development of depression [4] , cognitive decline [5] , mortality and morbidity [6] . However, these adverse effects are regardless of the definition of social isolation. Living alone, having a small social network, infrequent participation in social activities, and feelings of loneliness are all considered as social isolation [7] .
The aspects of the adverse effect of social isolation that is important to be investigated is to address if the adverse effects have permanent effects on the brain or they will alleviate with socialization. It is believed that if social isolation occurs in the neonate, it will predispose the neonate to develop psychological disorders in adulthood [8] . The negative effects of social isolation especially post-weaning are mostly emotional disorders such as aggression and anxiety-like behaviors [9, 10] . In adulthood, social isolation may reduce cognitive abilities by decreasing neurogenesis [11] . Also, in adulthood, social isolation predisposes individuals to develop high-risk behavior and in turn may leave permanent sideeffects [12] . Dementia and cognitive disorders that interfere with normal daily function occur in 6.5% of people with more than 65 years of aging [13] . The Alzheimer's dementia (AD), Vascular Dementia (VD), Dementia with Lewy Bodies (DLB) and frontotemporal dementia (FTD) are the most common types of dementia. Impairment of cognition as the result of a decline in memory is central to all these dementias. By considering the global burden of the diseases, delineation of the underlying mechanism is of great importance for prevention and curing of the diseases. It is believed that oxidative stress reduces cognitive abilities [14] .
Oxidative stress status based on previous studies is one of the determinants of the function of the brain in different diseases. So considering that, disturbance in oxidative stress status may deteriorate the outcome of diseases with memory dysfunctions, identifying states that improve the proper balance of oxidative stress is of great importance [15] .
The purpose of this study is to show that isolation besides its global negative effects on the brain also deregulates oxidative stress in brain tissues such as the hippocampus and prefrontal cortex that are important to memory and cognitive function. So patients with cognitive decline may get benefits of improved cognitive decline by improving oxidative stress status with pair state.
METHODS AND MATERIALS

Animal Care
Male Sprague-Dawley rats 8 to 10 weeks (200-250 g) were obtained from animal house of physiology department of Tehran University of Medical Sciences and kept in controlled conditions (12 h light/12 h dark cycle at controlled temperature (22 ± 2°C) and humidity (50% ± 5%)) in the Plexiglas cages with providing ad libitum access to food and water. Animals were handled, trained and tested during the light cycle. All experimental protocols were in accordance with the Animal Ethics Committee of Tehran University of Medical Sciences. In this study, male Sprague-Dawley rats weighing about 200-250 grams were used. In each group, 7 rats were used. Overall 7 rats were used for inducing socialization (one by one). It means in each cage, two rats were put together to induce socialization state.
Experimental Procedure
After one week of acclimatization, rats were divided randomly into two groups: isolated and socialized. After 14 days of isolation and socialization, during 3 days, memory was assessed with Novel Object Recognition Test ((NOR) Test). Then, on day 17, rats were sedated and anesthetized with xylazine and ketamine. Then the brains were immediately removed and frozen with liquid nitrogen. For assessing stress-oxidative indices, the prefrontal cortex and hippocampus were homogenized with buffer phosphate. After adding the staining solution, oxidative stress indices were assessed with a spectrophotometer.
Isolation
Isolation of rats were kept in small cages (27×15×21). During isolation, rats had free access to food and water. The light-dark cycle was not disturbed.
Socialization
For inducing socialization state, rats was done in large cages (45×15×21). During socialization, rats had free accessed to food and water. The light-dark cycle was not disturbed.
Preparation of Tissues for Assessing Oxidative Stress Markers
The brain immediately removed from the skull and was immediately was frozen with liquid nitrogen and then, was kept in -70 °C in a refrigerator. For the preparation of the final homogenized sample, blocks from hippocampus and prefrontal cortex were prepared. They were homogenized with buffer phosphate (1:10).
Malondialdehyde Assessment (MDA)
Total MDA was measured according to Thiobarbituric Acid (TBA) reaction. Simply for performing this analysis, TBA 1% (Sigma-Aldrich Co.) and Trichloroacetic Acid (TCA) 20% (Sigma-Aldrich Co.) were mixed together. Then 100 microliter of homogenized sample was added to the above mixture. After 90 minutes of boiling, maximum absorbance was measured at 532 nm with the spectrometer [16] .
Glutathione Assessment
5, 5'-dithiobis-(2-nitrobenzoic acid) (DTNB) was used as the reaction substrate for estimating the amount of reduced glutathione. For performing this experiment, Tris buffer (Sigma-Aldrich Co.), DTNB (Sigma-Aldrich Co.) and methanol (Sigma-Aldrich Co.) were used. 100 microliter of homogenized sample was added to the above mixture. Maximum absorbance was measured at 412 nm with the spectrometer [17] .
Nitrite/Nitrate Assessment
Total Nitrite/Nitrate was assessed according to Griess reaction. Simply for performing this experiment, n-1 (naphthyl) ethylenediamine (NEDD) (Sigma-Aldrich Co.), sulfanilamide (Sigma-Aldrich Co.) and phosphoric acid (Sigma-Aldrich Co.); all were mixed together. 100 microliter of homogenized sample was added to the above mixture. The final solution developed pink color, and maximum absorbance was measured at 540 nm with the spectrometer [18] .
Novel Object Recognition Test
Apparatus, Objects and Data Collection
The apparatus and procedure were the same as described previously. The experiment was completed in an open field-like arena (50 × 50 × 40 cm3), lit up with halogen lamp (60 W). The experiment is based on spontaneous tendency of rodent to explore the novel object more than the recently explored object. Habituation session was done first in which they could freely explore the empty open field arena for 5 min. On following day, each rat was supposed to familiarization phase during 5 min to explore two identical objects (A + A). For assessing short-term memory (STM), 2 h later, the rat was given 5 min to explore two different objects (A+B). 24 h after later after familiarization phase, Longterm Memory (LTM) was assessed with a novel object plus the previous object (A+C). The arena and objects were cleaned with ethanol 70%, after each training session to remove the olfactory cues. The recognition index (RI) measured to determine the ratio of novel object exploration time. It is the main index of retention. Exploration time of an object is specified as pointing the nose at a distance of less than 1 cm to the object, and/or touching it with the nose. In contrast, turning around, sitting and climbing on the object were not considered as an exploratory behavior [19] .
STATISTICS
Data analysis was performed with SPSS version 22. Two-Tailed independent samples t-test was used to assess the mean difference. Data were represented as mean ± SEM.
RESULT
Malondialdehyde (MDA) in hippocampus and prefrontal cortex: MDA in the hippocampus and prefrontal cortex was higher in isolated rats compared to social rats. MDA is an indicator of peroxide production in brain cells. It is negatively correlated with brain function (Figs. 1a and b) . Glutathione level in hippocampus: Glutathione in the hippocampus and prefrontal cortex were lower in isolated rats compared to social rats. Reduced glutathione is an indicator of antioxidant defense in brain cells. It is positively correlated with brain function (Figs. 2a and b) . Fig. (2) . A.Glutathione concentration in hippocampus tissue (n=7). B. Glutathione concentration in prefrontal cortex tissue (n=7). Data are represented as mean ± SEM. * was used to show a significant difference for p<0.05.
Nitrite/nitrate in hippocampus: Nitrite/nitrate in the hippocampus and prefrontal cortex were lower in isolated rats compared to social rats. Nitrite/nitrate is an indicator of antioxidant defense in brain cells. It is positively correlated with brain function (Figs. 3a and b) . Short-term and long-term memory in novel object recognition test: Short-term memory performance in novel object recognition test was better in social rats compared to isolated rats (Fig. 4a) . Also, long-term memory performance in novel object recognition test was better in social rats compared to isolated rats (Fig. 4b) . Fig. (4) . A.Short term memory performance in novel object recognition test (n=7). B. Long-term memory performance in novel object recognition test (n=7). Data are represented as mean ± SEM. * was used to show a significant difference for p<0.05.
A. MDA in Hippocampus
Groups
DISCUSSION
In this study, it has been shown that 1) hippocampus and prefrontal function are necessary for memory and prevention of dementia and 2) improvement of oxidative stress with pair state improves memory.
Novel object recognition test is an experiment that is mainly used for assessing amnesia. This experiment assesses the ability to recognize the previously presented object [20] . However, in different paradigms, it can be used for assessing working memory, attention, novelty, and preference for novelty [21] . Conditioning of remembering of objects * with environmental cues is another feature of this experiment [22] .
Memory formation is a multistage process that is formed in several stages. In this sense, brain structure has a close association with each other. The brain regions of interest in this regard are prefrontal cortex, hippocampus and adjacent areas [23] . Memory formation involves encoding, consolidation, and retrieval. In this process, every part of the related region in the brain has its own role. Memories may occur in the context of other issues, that in this regard, the formation of memory has a distinct mechanism. It is important because the close association of brain-related structures such as the hippocampus and prefrontal cortex is necessary [23] .
In object recognition test, rats are employed with surrounding cues to show their natural habit of exploring novel object for recognizing the new object. In this sense, hippocampus and prefrontal cortex interplay an important contribution.
Forgetfulness is another factor that should be taken into account when studying dementia and memory. In novel object recognition test, forgetfulness is also tested [24] . In this case, when rats are allowed to explore the object and 24 hours later, rats are again exposed to new objects, natural forgetfulness is also examined. Accelerated forgetfulness is another pathologic condition which occurs in dementias like Alzheimer's disease.
In this study also in accordance with previous studies, brain function was observed to be better in the social state than isolation. Social isolation with different mechanism causes impairment of different functions of the brain. The proposed mechanisms are the reduction in neurogenesis and increase in testosterone [25] , Hypothalamus-pituitary Axis (HPA) axis dysfunction [26] , MDMA receptor activation [27] , overexpression of dopamine receptor [28] and reduction of BDNF [29] . In this study, the novel mechanism was proposed and it was shown that increase in oxidative stress (MDA) and reduction in antioxidant defense (glutathione and nitrite/nitrate) also cause memory decline. Another new finding of this study was this fact that impairment of memory in novel object recognition test was influenced by hippocampus and prefrontal cortex. In previous studies, prefrontal cortex had a less effective role in memory formation [23] . In this study, it was shown that prefrontal cortex in association with hippocampus influences memory formation in NOR test. In this sense, the balance of oxidative stress in hippocampus and prefrontal cortex is necessary to show this interconnected function.
In recent studies, there has been much attention paid to the association of disturbed oxidative stress status and cognitive function. It has been known that many neurologic diseases such as Alzheimer's, Parkinson's, Huntington's, Major depressive disorder and cognitive decline due to aging are associated with disturbed oxidative-stress [30] . Several mechanisms have been proposed. In Alzheimer's disease, BDNF, GSK3ß, CREB, and Aß alternation have been implicated in the pathogenesis of the disease [31] . Also in these disorders, dysfunction of prefrontal cortex besides hippocampus has also been reported [32] . Also, reduction of neurogenesis is another explanation for the reduction of cognitive abilities in Alzheimer's disease [33] . Increased inflammation in brain tissue in Alzheimer's disease has also been observed. The anti-inflammatory cytokines such as IL-10 have alleviated the cognitive deficits in Alzheimer's disease patients [34] . In Parkinson's disease, other mechanisms have been postulated. Lewy bodies (intracytoplasmic aggregations inside dopaminergic neurons of substantia nigra) cause oxidative stress and the consequent reduction in the survival of neurons [35] . Besides this imbalance, other disturbances such as alternation in BDNF level in the striatum [36] , serotonergic and catecholaminergic neurons develop [37] .
In Huntington's disease, another case appears . Huntingtin mutated gene causes the formation of an unnatural protein that is called mutant Huntingtin protein. This abnormal protein interferes with normal trafficking of intracellular transportation. The mutated product causes dysfunction in normal mitochondrial function and reduces ATP production and increases the rate of production of reactive oxygen [38] .
In aged people (more than 80 years old), cognitive declines develop. The most organs that are affected are hippocampus [39] . Also, the prefrontal cortex is one of the most prevalent organs that are affected [40] . For cognitive decline in aging, several mechanisms have also been proposed such as deregulation of monoamine neurons and BDNF [41] and increase in proinflammatory cytokines such as TNF-α and interleukin-1ß (IL-1ß) [42] .
On the other hand, along with dementia psychiatric disorders may develop. Oxidative stress balance is assumed to be important for the prevention of the development of such disorders [43] . The frontal lobe is the most sensitive organ that is suspected to be involved in this regard.
CONCLUSION
In this study, it was shown that social isolation has a negative impact on memory formation in object recognition test. In this sense, hippocampus and prefrontal cortex are working together since the similar impairment in oxidative stress happens in both the organs. In this study, also one more time, the interconnected function of hippocampus and prefrontal cortex in memory formation and forgetfulness was shown. Social state besides increasing the oxidative stress of hippocampus and prefrontal cortex (as assessed by MDA) also reduces antioxidant defense (as assessed by glutathione and nitrite/nitrate). In this manner, social isolation has a devastating effect on memory formation and forgetfulness . Behaviour is, therefore, assessed on the basis of both previous information and internal estimates of conditional probabilities in novel object recognition test, so just proper storage of previous information is not sufficient in this test.
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